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5.1 Introduction 


The operating plans for the proposed Orchard Storage Company LLC (Orchard Storage) Orchard  
injection well include robust testing and monitoring programs, which are designed to satisfy the 
requirements of 16 Texas Administrative Code (TAC) §5.203 (j) [Title 40, U.S. Code of Federal 
Regulations (40 CFR) §146.90].  This section discusses the key details of this program. 


5.2 Reporting Requirements 


In compliance with 16 TAC §5.207 [40 CFR §146.91] requirements, Orchard Storage will provide the 
following routine reports to the Underground Injection Control (UIC) Director.  
 
Per-Occurrence Reporting: 
 


• Any noncompliance with a permit condition or malfunction of the injection system, which 
may cause fluid migration into or between Underground Sources of Drinking Water (USDWs) 


o Verbal Notification – Reported within 24 hours of the event 
• Any evidence that the injected CO2 stream or associated pressure front may cause an 


endangerment to a USDW 
o Verbal Notification – Reported within 24 hours of the event 
o Written Notification – Reported within five working days of the event 


• Any failure to maintain mechanical integrity 
o Verbal Notification – Reported within 24 hours of the event 


• Any significant data that indicate the presence of leaks in the well or lack of confinement to 
the storage reservoir 


o Verbal Notification – Reported within 24 hours of the event 
o Written Notification – Reported within five working days of the event 


• Any changes to the physical, chemical, and other relevant characteristics of the CO2 stream 
from what has been described in the proposed operating data 


o Written Notification – Reported within 72 hours of composition change  
• Description of any event that exceeds operating parameters for annulus pressure or 


injection pressure as specified in the permit 
o Verbal Notification – Reported within 24 hours of the event 
o Written Notification – Reported within 72 hours of the event 


• Description of any event that triggers a shut-off device either downhole or at the surface and 
the response taken 


o Verbal Notification – Reported within 24 hours of the event 
o Written Notification – Reported within 72 hours of the event 


• Any release of CO2 into the atmosphere or biosphere 
o Verbal Notification – Reported within 24 hours of the event 
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Semi-Annual Reports: 
 


• Summary of wellhead pressure monitoring 
• Any changes to the source of the CO2 stream 
• Any changes to the physical, chemical, and other relevant characteristics of the CO2 stream 


from what has been described in the proposed operating data 
• Monthly average, maximum and minimum values of injection pressure, flow rate, 


temperature, volume, and annular pressure 
• Description of any event that exceeds operating parameters for annulus pressure or 


injection pressure as specified in the permit 
• Monthly volume and/or mass of the CO2 stream injected over the reporting period, and the 


volume injected cumulatively over the life of the project 
• Monthly annulus fluid volume added 
• Results of any monitoring as described in this section 


 
Annual Reports: 
 


• Any corrective action performed 
• Recalculated area of review (AOR) or statement confirming monitoring and operational 


data supports current delineation of AOR on file with the Commission 
• Proof of good faith claim to sufficient property rights for storage facility operation 
• Tons of CO2 injected 


 
Reports to be submitted within 30 days after the following events: 
 


• Any well workover 
• Any test of the injection well conducted if required by the Director 
• Any periodic mechanical integrity tests 


 
Notification to the UIC authority (16 TAC §5.206(c)), in writing, 30 days in advance of: 
 


• Any planned workover 
• Any planned stimulation activities 
• Any other planned test of the injection well 


 
Orchard Storage will submit all reports, submittals, and notifications to the Environmental 
Protection Agency (EPA) and Texas Railroad Commission (TRRC) and ensure that all records are 
retained throughout the project's life.  Per 16 TAC §5.207(e) [40 CFR §146.91(f)], these records will 
be maintained for 10 years after site closure.  The records will be delivered to the Director upon 
request after the retention period.  Monitoring data will be retained for 10 years post-collection, 
while well-plugging reports, post-injection site care data, and the site closure report will be retained 
for 10 years after site closure. 
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5.3 Testing Plan Review and Updates 


Per 16 TAC §5.207(a)(3) [40 CFR §146.90(j)], the Testing and Monitoring Plan will be reviewed and 
revised as necessary at least every five years to incorporate collected monitoring data.  Plan 
amendments will also be submitted within one year of an AOR reevaluation following significant 
facility changes, such as the development of offset monitoring wells or newly permitted injection 
wells within the AOR, or as required by the Director. 
 
5.4 Testing Strategies 


5.4.1 Open Hole Logging 
 
Orchard Storage plans to run an advanced suite of open hole logs to obtain data for parameters 
used in static and dynamic subsurface modeling.  The following Baker Technology log descriptions 
are provided as an example of the types of logs to be run.  The specific logging vendor will be 
selected just prior to drilling the well.  Commercial and supply chain issues may affect the final 
vendor selection. 
 
A list of planned open hole logs is provided in Table 4-10 of Section 4 – Engineering Design and 
Operating Strategy. 
 
Baker Hughes RockviewTM Formation Lithology eXplorer (FLeX) 
Mineralogical characterization tool equipped with a pulsed neutron spectrometer.  Allows for a 
resolution of uncertainties compared to traditional petrophysical evaluation methods.  Enhanced 
porosity determination, clay type/volume determination, and lithofacies identification. 
 
Baker Hughes MR eXplorer (MReX) 
Nuclear magnetic resonance-based instrument.  By alternating static and pulsed radio frequency 
magnetic fields, the pore space fluid hydrogen protons are aligned and spun when interacting with 
the two magnetic fields.  These “spin-echoes” can be recorded and analyzed based on amplitude 
and echo decay rates.  This gives information on the porosity, pore size, and type of present fluid.  
Reliable data acquisition is available in almost every borehole environment.  
 
Baker Hughes UltrasonicXplorer (UXPL) 
Borehole acoustic imaging service using a rotating acoustic transducer.  Provides high-resolution 
feedback during drilling, completion, and production operations.  Documents stratigraphic features, 
unconformities, dip/strike, and borehole shape.  The design allows for use in any mud type, large 
diameter boreholes, and full 360o coverage. 
 
Baker Hughes STAR-XR 
High-resolution formation resistivity imaging in conductive mud systems.  Carries 144 sensors 
downhole to measure geologic features coupled with enhanced petrophysical reservoir evaluation.  
Identifies structural dips, depositional environments, borehole stability, and net pay in thinly 
bedded sequences.  Applicable in the well-to-well correlation of sedimentary and stratigraphic 
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of 5%.  Any loss of test pressure exceeding 5% during the minimum 30 minutes will indicate a lack 
of mechanical integrity.  
 
All annulus pressure test results will be submitted to the TRRC on Form H-5 within 30 days of log 
run completion. 
 
5.4.5 External Mechanical Integrity Testing – Temperature Log 
 
In adherence to the requirements of 16 TAC §5.203 (h)(1)(D) [40 CFR §146.89(c)], Orchard Storage 
will perform an annual external mechanical integrity test (MIT) by deploying a temperature log, 
through the tubing.  Temperature logs will be run before initiating injection operations, to establish 
a baseline against which future logs can be compared.  The well will be shut in for approximately 36 
hours before running the temperature logs to allow temperatures to stabilize.  Satisfactory 
mechanical integrity is demonstrated by the proper correlation between the baseline and 
subsequent logs.   
 
All temperature logs recorded during the MIT will be submitted to the TRRC within 30 days of 
completing the log run. 
 
5.4.6 Pressure Fall-Off Testing 
 
Orchard Storage will perform a required pressure fall-off test every five years per 16 TAC §5.203 
(j)(2)(F) [40 CFR §146.90(f)].  The tests will measure near-wellbore formation properties and monitor 
for near-wellbore environmental changes that may impact injectivity and result in pressure 
increases.   
 
5.4.6.1 Testing Method 
Injection rates and pressures will be held as constant as is practical prior to the test.  Pressure and 
rate data will be recorded continuously before and during the fall-off period.  Pressure gauges to 
supplement the permanent gauges will be run into the well, if needed, several days prior to initiation 
of the fall-off test to allow for a period of stable injection prior to shut-in.  The length of time for 
stabilization prior to shut-in will be determined in advance using pressure-transient well-test design 
methods that incorporate anticipated rates and formation properties. 
 
Ideally, the fall-off test will be run sufficiently long to allow identification and analysis of the Infinite 
Acting Flow Regime (IARF).  Given the heterogeneous nature of the injection interval, it may not be 
possible to identify this IARF flow regime through simple, semi-log straight line plots.   
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5.4.6.2 Analytical Methods 
Mechanical integrity will be determined through standard diagnostic plotting.  This determination 
is accomplished via analysis of observed pressure changes and pressure derivatives on standard 
diagnostic log-log and semi-log plots, using specialized pressure-transient analysis software.  The 
analysis will integrate additional data beyond the injection well’s rate and pressure data.  The 
additional data may include operational history, offset wells’ injection and operational history, and 
distributed temperature sensing (DTS) sensor data from the injection well being tested.  Depending 
on the complexity of the pressure response, it may be necessary to incorporate numerical modeling 
into the interpretation workflow. 
 
Comparing pressure fall-off tests can expose significant changes in the well or reservoir conditions 
before initial injection with later tests.  The effects of the fluid flow as well as the injected fluid’s 
compressibility will be considered and incorporated into the analysis.  The well parameters resulting 
from fall-off testing will be compared against those used in AOR determination and computational 
site modeling.  Notable changes in reservoir properties may dictate that an AOR reevaluation is 
necessary. 
 
5.4.6.3 Quality Assurance/Control 
All field equipment will undergo inspection and testing before operation.  Manufacturer calibration 
recommendations will be adhered to during the pressure gauge use in the fall-off test.  
Documentation certifying proper calibration will also be enclosed with the test results.  Further 
validation of the test results will be recorded using a second bottom hole pressure gauge. 
 
5.4.7 Injection Conformance Monitoring 
 


 


 
 
 
 


  If the rate changes at a specific set of perforations, this data 
can be used, along with other pressure and rate information, to gain valuable insight into injection 
conformance.  The use of this data will allow changes to operating or completion parameters as 
necessary for storage zone management purposes. 
 
Per 16 TAC §5.206 (d)(2)(F)(i) [40 CFR §146.88(e)(2)], automatic shut-off systems and alarms will be 
installed to alert the operator and shut-in the well when operating parameters such as annulus 
pressure, injection rate, etc. diverge from permitted ranges or gradients.   
   
5.4.8 Cement Evaluation and Casing Inspection Logs 
 
Per 16 TAC §5.203 (h)(2) [40 CFR §146.89(d)], a comprehensive cased hole logging suite will be run 
on the production casing string at the time of initial well completion.  This suite of logs will include 
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a radial cement investigation, a multi-arm caliper, and a digital log to establish the condition of the 
casing metal.  This survey will characterize the original state of the wellbore materials.  Following 
the tubing and packer installation, an initial through-tubing inspection log will be run on the well.  
This survey will serve as the baseline for future casing inspection efforts. 
 
Casing inspection logs will be performed every five years using a combination of conventional casing 
inspection logs and through-tubing surveys.  The tools that will be run at that time include: 
 


• Five-year casing inspection 
o Casing section below the packer: 


 Multiple-armed calipers to measure the inner diameter of the casing as the 
tool is raised or lowered into the well 


 Ultrasonic tools to measure wall thickness and provide information about 
the outer surface of the casing or tubing as well as cement bonding 


 Electromagnetic tools that measure the magnetic flux of the tubular and can 
provide mapped circumferential images to indicate potential pitting 


o Casing section from packer to surface: 
 Through-tubing casing inspection log 


• If tubing must be removed, conventional casing inspection logs only will be run, consisting 
of: 


o Multiple-armed calipers to measure the inner diameter of the casing as the tool is 
raised or lowered into the well 


o Ultrasonic tools to measure wall thickness and provide information about the outer 
surface of the casing or tubing as well as cement bonding 


o Electromagnetic tools that measure the magnetic flux of the tubular and can 
provide mapped circumferential images to indicate potential pitting 


 
Orchard Storage will provide a schedule of all logging plans to the Director at least 30 days prior to 
conducting the first test.  Notice will be provided at least 48 hours in advance of such activity.   
 
5.4.8.1 Casing Log Equipment Overview 
Through-tubing logging technology provides the ability to evaluate casing deformation and 
eccentricity measurements, in conjunction with other well-integrity tools such as multi-finger 
calipers and multiple pipe-thickness logging tools.  This technology provides quality measurements 
without requiring the removal of the tubing and packer (Yang et al., 2021). 
 
The following descriptions of the through-tubing logging tools that will be run are provided for 
information purposes.  The final vendor will be selected prior to operations based on availability and 
commercial considerations. 
 
The GOWell instruments listed in Table 5-3 utilize Pulsed Eddy Current (PEC) decay technology to 
measure the thicknesses of multiple concentric tubulars.  Basic PEC decay technology theory is 
included in the supplemental information at the end of this document.  These tools can be run stand-
alone or combined with other well integrity and correlation instruments—such as multi-finger 
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imaging caliper, temperature, noise, pressure, fluid density, capacitance, flowmeter, gamma ray, 
and casing collar locator.  
 
GOWell PEC decay measurements are not affected by wellbore fluid type, chemical precipitates, or 
other foreign material deposits.  They are also not affected by the type or distribution of annular 
materials such as cement, mud, liquid, or gas. 
 


Table 5-3 – PEC Tool List 


 
 


Technical specification documents are included in Appendix E.  Logging speeds depend on the size 
and number of tubulars to be logged.  In general, multiple tubulars and larger sizes will necessitate 
slower data acquisition speeds, which range from 30 feet per minute to 5 feet per minute, based on 
the complexity of the wellbore configuration. 
 
GOWell PEC decay instruments measure the increase or decrease of metal thickness for each 
concentric tubular.  PEC decay data combined with inspection of the tubular’s inner diameter (ID) 
using an imaging caliper or other methods can reliably predict the inside versus outside location of 
corrosion or flaws on the innermost tubular.  Internal wear based on drilling or other known causes 
of internal damage is readily assessed with the assumption that the measured metal loss in such 
cases is “internal.”   
  
The degree of penetration is reported in percent wall loss from the nominal and absolutes value of 
metal thickness, expressed in inches or millimeters.  Due to well-understood and long-established 
PEC decay physics principles, reported metal gain or loss is assumed to be distributed evenly around 
the pipe’s circumference.   
  
The GOWell PEC decay instruments measure the increase or decrease of metal thickness, which 
includes both internal and external corrosion effects.  This overall metal thickness/degree of 
penetration is valid in identifying areas of well integrity concern.  Additionally, integrity assessment 
of the production tubulars (i.e., tubing(s) and first casing) is only part of whether a wellbore and its 
associated tubulars are in such a condition as to be protective of public health, safety, and the 
environment.  The newer generation GOWell PEC decay instruments provide an opportunity to 
assess the state of the protection tubulars (i.e., second casing, surface casing, etc.).  Protection 
string(s) data is acquired simultaneously with the tubing and production string data. 
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5.4.9 Logging and Testing Reporting 
 
A report that includes log and test results obtained during the drilling and construction of Orchard 
#1, and interpretated by a knowledgeable log analyst, will be submitted to the Director as per 16 
TAC 5.203 (h)(2) [40 CFR §146.87(a)] 
 
5.5 Monitoring Programs 


5.5.1 Continuous Injection Stream Monitoring  
 
Orchard Storage will continuously monitor the injection pressures, rates and volumes, and annulus 
pressures to meet the 16 TAC §5.203 (j)(2)(B) [40 CFR §146.90(b)] requirements.   


 
  Per 16 TAC §5.206 (d)(2)(B), the total 


volume of CO2 injected into the Project Orchard facility will be metered through a master meter or 
a series of master meters.  The volume or mass of CO2 injected into  will be metered 
through an individual well meter. 
 


 
 
 
 
 


  
 


 
 
 
 


 
 
5.5.1.1 Analytical Methods 
Orchard Storage will review and interpret continuously monitored parameters to validate that they 
are within permitted limits.  The data review will also review trends to help determine any need for 
equipment maintenance or calibration.  These data reports will be submitted semiannually. 
 
5.5.2 Corrosion Coupon Monitoring 
 
Orchard Storage will monitor for corrosion of the well tubing and casing materials per the 16 TAC 
§5.203 (j)(2)(C) [40 CFR §146.90(c)] requirements.  A corrosion coupon monitoring system will be 
employed for this evaluation.  Additionally, the casing inspection logs run every five years will  
provide information regarding corrosion of the tubulars. 
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5.5.2.1 Sampling Methods 
Corrosion coupons, comprised of the same material as the injection flowline, tubing, and production 
casing, will be placed in the CO2 injection flowline.  These coupons will be removed quarterly and 
examined for corrosion per American Society for Testing and Materials (ASTM) standards for 
corrosion testing evaluation.  After removal, the coupons will be visually inspected for signs of 
corrosion, including pitting, and measured for weight and size.  The corrosion rate will be estimated 
by applying a weight loss calculation method that divides the weight loss recorded during the 
exposure period by the duration. 


5.5.3 Soil Gas Monitoring 
 
Soil gas monitoring will be used to check chemical compositions of the near surface environment 
and soil vadose zone.  These environments are subjected to strong seasonal effects and influenced 
by a wide range of natural process and human activities.  As with any of these types of monitoring, 
establishing a baseline condition is very important.  Orchard Storage intends to install the soil gas 
monitoring stations at least a year prior to injection to better understand baseline conditions 
through multiple seasons.   


 
 


  Quality assurance and traceability methods will be used to 
ensure proper handling of samples and lab techniques.     
 
5.5.4 Ground Water Quality Monitoring 
 
To meet 16 TAC §5.203 (j)(2)(C) [40 CFR §146.90(d)] requirements, ground-water quality and 
geomechanical monitoring will be conducted above the confining zone to detect potential changes 
that could result from fluid leakage from the injection zone.  
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pH Every five years 


Specific conductivity (SC) Every five years 


Temperature Every five years 


Density Every five years 
Other parameters including major anions and 
cations, trace metals, hydrocarbons, and volatile 
organic compounds 


Every five years 


 
5.5.4.1 Sampling Methods  
Fluid samples will be acquired from the groundwater monitoring wells at monitored formation 
temperatures and maintained at formation pressures within a pressurized container.  This step is 
taken to ensure that dissolved gas losses do not occur.  


 


 
5.5.4.2 Analytical Methods 
Orchard Storage will test water samples and maintain results for the parameters listed in Table 5-4.  
If the CO2 injectate contains unique impurities, then groundwater samples will also be tested to flag 
any concentrations of these impurities exceeding the baseline.  Testing results will be stored in an 
electronic database. 
 
Potential signs that fluid may be leaking from the injection interval(s) may be detected upon 
observation of the following trends: 
 


• Change in total dissolved solids 
• Changing signature of major cations and anions 
• Increasing carbon dioxide concentration 
• Decreasing pH 
• Increasing concentration of injectate impurities 
• Increased concentration of leached constituents 
• Increased reservoir pressure and/or static water levels 


 
5.5.4.3 Laboratory to Be Used/Chain of Custody Procedures  


 
Orchard Storage will observe standard chain-of-custody procedures and maintain records, to allow 
full reconstruction of the sampling procedure, storage, and transportation, including problems 
encountered. 
 
5.5.4.4 Quality Assurance and Surveillance Measures 
Orchard Storage will collect duplicate samples and trip blanks for quality assurance/quality control 
(QA/QC) purposes.  These duplicate samples will validate test results and ensure that samples have 
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5.6 Conclusion 


The testing and monitoring plans developed for Orchard  are designed to acquire essential data 
to support static and dynamic reservoir modeling, track the growth of the CO2 plume, and ensure 
that CO2 does not reach USDWs or pose a risk to health, safety, or the environment.  
 
A larger scale map of the monitoring wells, plus specification sheets for the planned technologies 
are provided in Appendix E.  
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6.1 Injection Well Plugging Plan and Regulatory Requirements 


As described in Section 4 – Engineering Design and Operating Strategy, Orchard  will be completed 
as a single injection interval   After the conclusion of  


 injection operations, the well will be permanently plugged.  Complete plugging and abandonment 
prognoses have been included in  of this application.   
 
The following outline describes the procedures and types of plugs that will be set to isolate the 
injection interval, to prevent contamination of the Underground Sources of Drinking Water 
(USDWs), and to properly plug and abandon Orchard  according to Title 16, Texas Administrative 
Code (16 TAC) §5.203 and 16 TAC §3.14 [Title 40, U.S. Code of Federal Regulations (40 CFR) §146.92] 
regulations.   
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6.1.1 Wellbore Profile Prior to Plugging and Abandonment 
 
The original wellbore schematic for Orchard , prior to beginning plugging operations, is provided in 
Figure 6-1.  
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6.1.2 Pre-Plugging Activities 
 


1. Orchard Storage will comply with all reporting and notification provisions.  
a. The Environmental Protection Agency (EPA) Underground Injection Control (UIC) 


Program Director will be notified 60 days in advance of planned plugging efforts [40 CFR 
§146.92(c)]. 


b. The Texas Railroad Commission (TRRC) UIC Director will be notified at least 60 days 
before plugging a well.  If any changes are proposed to the original well plugging plan, 
a revised well plugging plan will be submitted [16 TAC §5.201(k)(3)(A)]. 


c. A notice of intention to plug and abandon (Form W-3A) will be filed with the appropriate 
TRRC district office and the UIC Director at least five days prior to the beginning of 
plugging operations. 


d. Plugging operations will not start until the proposed procedure has been approved by 
the UIC Director.   


e. The district office will be notified at least four hours before commencing plugging 
operations. 


2. Casing inspection and cement bond logs will be run prior to plugging. 
3. Bottomhole reservoir pressure will be measured  


 
 Section 5 – Testing and Monitoring Plan (16 TAC §5.203 (h)(1)(C) [40 CFR 


§146.89(b)]). 
4. External mechanical integrity will be demonstrated through approved temperature logging 


methods as described in Section 5, per 16 TAC §5.203 (h)(1)(D) [40 CFR §146.89(c)]. 
5. Orchard  will be flushed with a buffer fluid prior to pulling the injection tubing and packer 


(16 TAC §5.203 and §3.14 [40 CFR §146.92(a)]). 
6. All uncemented, non-permanent components of the well will be removed. 
 


  


6.1.3 Plugging Activities 
 


1. Pull seal assembly from the packer to just above the packer. 
2. Fill the wellbore with at least 9.5 pounds per gallon (ppg) of 40 viscosity-treated drilling mud, 


and ensure the well is in static condition. 
3. Pull tubing and seal assembly and remove from the well. 
4. Isolate the gross injection interval: 


a. Set a permanent bridge plug made of corrosion resistant alloy (CRA) at  
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b. Place a 300’ acid-resistant cement plug above the permanent bridge plug to cover 
  


c. Displace the cement with at least 9.5 ppg of 40 viscosity-treated drilling mud. 
d. The plug will be qualified by tagging the top and conducting a successful pressure 


test.  
5. Spot a ~400’ cement  


  Displace cement with at least 9.5 
ppg of 40 viscosity-treated drilling mud. 


6. Set a 50’ cement plug from 50’ to the surface. 
7. Cut casing 3’ below ground level and weld on a ½” steel plate.  


 
Within 60 days after plugging, Orchard Storage will submit, pursuant to 40 CFR §146.91(e), a 
certified plugging report to the UIC Director.  The well plugging report will be retained for 10 years 
following site closure.  Also note that a complete well plugging record (Form W-3), pursuant to 16 
TAC §5.203, will be filed within 30 days to the appropriate TRRC District Office after plugging 
operations are completed. 
 
6.1.4 Plug Details 
 
Table 6-2 shows the planned plugging details for Orchard #1.  Figure 6-2 shows a schematic of 
Orchard #1 after the well is plugged.  
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6.2 Monitoring Well Plugging Plan and Regulatory Requirements 


As described in Section 4 – Engineering Design and Operating Strategy, Orchard  
  At the conclusion 


of the post-injection site care period, the well will be permanently plugged.  Complete plugging and 
abandonment prognoses have been included in Appendix G of this application.   
 
The following outline describes the procedures and types of plugs that will be set to isolate the 
perforated interval and to prevent contamination of the USDWs.  Orchard  will be properly 
plugged and abandoned according to 16 TAC §5.203 and 16 TAC §3.14 [40 CFR §146.92] regulations.   
 


6.2.1 Monitoring Wellbore Profile Prior to Plugging and Abandonment 
 
The original wellbore schematic for Orchard  prior to beginning plugging operations, is 
provided in Figure 6-3.  
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7.1. Overview 
 
This Post-Injection Site Care (PISC) and Site Closure Plan is prepared to meet the requirements of 16 
Texas Administrative Code (TAC) §5.206(k) [Title 40, U.S. Code of Federal Regulations (40 CFR) 
§146.93].  This section provides a comprehensive overview of (1) the anticipated plume and 
pressure front behavior at the end of the injection phase, (2) post-injection monitoring plans, (3) a 
discussion demonstrating non-endangerment to the Underground Source of Drinking Water 
(USDW), and (4) site closure plans.  This plan provides the activities that Orchard Storage Company 
LLC (Orchard Storage) will perform once injection has ceased.  The program will conclude with the 
site closure activities once it is demonstrated that no additional monitoring is needed to ensure that 
this project does not endanger the USDW.  This plan will be maintained during the life of the project 
and reevaluated every five years and submitted to the Director.  
 


 
 
To meet the requirements of 16 TAC §5.203(m)(2) [40 CFR §146.93(a)(2)], Table 7-1 and Figure 7-1 
show the expected pressure differential between pre-injection and post-injection pressures in the 
injection zone, as determined by the plume model described in Section 2 – Plume Model. 
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7.3. CO2 Plume Position and Pressure Front at End of Injection and at Closure 
 
To meet the requirements of 16 TAC §5.203(m)(3) [40 CFR §146.93(a)(2)], Figure 7-2 shows the 
predicted position of the carbon dioxide plume and associated pressure front at site closure.  Figures 
7-3 and 7-4 present the cross-sectional views of the stabilized plume at the end of injection and at 
the time of site closure. 
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7.4. Post-Injection Monitoring Plan 
 
As required by 16 TAC §5.206(k)(2) [40 CFR §146.93(b)], Orchard Storage will continue to monitor 
the site until the project no longer poses an endangerment to USDWs.  
 
7.4.1. Post-Injection Monitoring Activities 
 
Post-injection monitoring will be utilized to track the movement of the plume and pressure front 
per 16 TAC §5.206 (k)(2) [40 CFR §146.93(b)].  The Testing and Monitoring Plan will be extended 
and used to confirm not only that the injection project is continuing to conform to the permit 
conditions, but also that any unexpected USDW endangerment is identified and mitigated.  Testing 
and monitoring activities, as described in Section 5 – Testing and Monitoring Plan, will be performed 
and reported at the frequency shown in Table 7-2. 
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to and approved by the Texas Railroad Commission (TRRC) before commencing such activities.  No 
facility closure activities will be executed until the Director has authorized closure. 
 
7.5.2. Plugging Activities 
 
Orchard  and the related monitoring well  will be plugged as discussed in Section 
6 – Injection Well Plugging Plan.  The plugging and abandonment procedures are designed to 
prevent the migration of CO2 or formation fluids from the injection interval to the USDW.  Before 
plugging the wells, their mechanical integrity will be determined by an annulus pressure test, casing 
inspection log, and temperature log as described in Section 5.  Plugging schematics and procedures 
are provided in  
 
7.5.3. Site Restoration 
 
Once the injection well and the monitoring well are plugged and capped below grade, all surface 
equipment will be decommissioned and removed from the site.  The sites will be restored as agreed 
with the surface owners.  
 
7.5.4. Documentation of Site Closure 
 
Within 90 days of site closure, a final report must be submitted to the Director, per 16 TAC §5.206 
(k)(6) [40 CFR §146.93(f)], and include the following: 
 


• Documentation of appropriate injection and monitoring well plugging, including a copy of 
the survey plats 


• Documentation of well-plugging report  
• Records of the nature, composition, and volume of the CO2 stream over the injection period 


 
A record of notation in the facility property deed will be added to provide, in perpetuity, any 
potential purchaser of the property the following information: 
 


• A complete legal description of the affected party; 
• The fact that the land was used to sequester CO2; 
• That the survey plat has been filed with the TRRC/Environmental Protection Agency (EPA); 
• The address of the office of the EPA, to which the operator sent a copy of the survey plat; 


and 
• The total volume of fluid injected, the injection zones into which it was injected, and the 


period over which the injection occurred. 
 
Orchard Storage will retain all records collected during the PISC period for 10 years following site 
closure.  At the end of the retention period, Orchard Storage will deliver all records to the Director, 
which will thereafter be retained at a location designated by the Director for that purpose. 
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8.1 Emergency and Remedial Response Plan Overview 


This Emergency and Remedial Response Plan for the Orchard Project was prepared to meet the 
requirements of 16 Texas Administrative Code (TAC) §5.206(h) [Title 40, U.S. Code of Federal 
Regulations (40 CFR) §146.94].  This section is organized into six distinct parts.  The parts address 
the issues of (1) potentially affected infrastructure and parties, (2) definitions of degrees of severity, 
(3) specific events and their response plans, (4) training, (5) communications plans and notification
procedures, and (6) Emergency and Remedial Response Plan review and updates.  These sections
aim to ensure an expeditious and appropriate response to protect any Underground Sources of
Drinking Water (USDWs) and maximize the protection of the environment, surrounding community,
and company property.  This plan will remain in place during the construction, operation, closure,
and post-closure periods of the Orchard Project.


8.2 Resources/Infrastructure in the AOR 


Local resources (Table 8-1) may be activated to supplement Orchard Storage's response to an 
emergency or adverse event, if required to minimize the event's impact.   


Figure 8-1 shows the location of the Orchard Project AOR, with existing and planned infrastructure 
identified. 
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8.3 Degree of Risk for Emergency Events 


Response actions will depend on the degree of the severity of the event triggering an emergency 
response.  Incident response will be managed via the Incident Command System (ICS) to organize, 
scale, and coordinate the response with third parties and communicate via a common emergency 
response language.  Response teams will be assembled, organized, and scaled as necessary, 
depending on the severity of the event.  At a minimum, response teams will be comprised of Orchard 
operations specialists and the Orchard Storage team.  The team will be expanded as needed to 
include specialty environmental-response resources, specialty well-intervention specialists, local 
first responders, and Gaines County officials.  All responses will be coordinated and communicated 
as necessary with the relevant regulatory bodies.   


A risk matrix was developed to aid in identifying situations of elevated risk with the major categories 
summarized in Table 8-2.  The risk matrix combines the severity of the consequences of a given 
adverse event and the likelihood that the event will occur.  The severity score is weighted 40% for 
safety, 40% environmental, and 20% financial.  The risk and severity scores are weighted into a 
“Total Score” for the final risk assessment; this score is then graded as shown in Table 8-3.  This 
matrix provides a framework for mitigation efforts during emergency response planning and as an 
input for the financial assurance determination.  The full risk matrix is provided in Appendix F.  
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8.5 Training 


Orchard Storage staff will attend, as a minimum, annual training associated with Health, Safety, and 
Environment (HSE).  This training will include all the required Occupational Safety and Health 
Administration (OSHA) training (HAZWOPER, etc).  The staff will be trained in the Incident Command 
Structure (ICS) to ensure efficient response to incidents.  In addition, the Orchard Storage staff will 
be provided technical training regarding the specific properties associated with CO2 and standard 
operating procedures related to CO2 storage.  


Training will be reinforced by emergency drills that create scenarios to highlight specific incident 
responses.  These drills will be as realistic as possible and may include local county first responders.  
All training and emergency drills will be documented for verification.  


Orchard Storage intends to implement an active outreach program with county first responders and 
the resident neighbors in the project storage area.  Before starting CO2 injection operations, Orchard 
Storage will provide a copy of this Emergency and Remedial Response Plan to local first responders 
and discuss potential response scenarios.  


Per 16 TAC §5.206 (h)(2)(C), Orchard Storage will provide training schedules, dates, and course 
outlines to the Commission annually and upon request.  


8.6 Communications Plan and Emergency Notification Procedures 


Orchard Storage intends to implement the ICS to respond to emergencies.  The system, widely 
utilized by emergency response professionals, provides a common language and hierarchy to 
emergency response—a Unified Command—so that multiple agencies can effectively work 
together.  The system can also be scaled to fit the incident.  


A high-level structure for the ICS is as follows: 


The chain-of-command members will be developed after the operating company has been formed 
and commercial agreements have been arranged.  This section will then be updated to reflect the 
nomination of the chain-of-command members.  As these positions are filled, relevant phone 
numbers including a phone number for the local Orchard Storage office will be provided.  


Emergency response contacts are provided in Table 8-4. 
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As appropriate, Orchard Storage will communicate with the public regarding events that require an 
emergency response, including the impact of the event on drinking water or the severity of the 
event, actions taken or planned, etc. 


Prior to commencing operations, Orchard Storage will develop Emergency Operating Procedures 
that will include: 


• Procedures for requesting assistance and for follow-up action to remove the public from an
area of exposure;


• Provisions for advance briefing of the public within the AOR on subjects such as the hazards
and characteristic of CO2;


• The manner in which the public will be notified of an emergency and steps to be taken in
case of an emergency; and


• if necessary, proposed actions designed to minimize and respond to risks associated with
potential seismic events, including seismic monitoring
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8.7 Emergency and Remedial Response Plan Review and Updates 


This Emergency and Remedial Response Plan will be reviewed annually to ensure its applicability. 
Additionally, the plan will be reviewed after any AOR reevaluation and following any significant 
changes to the project that would necessitate such a review. 


Any amendments to this plan must be approved by the Director and incorporated into the permit. 
This plan will also be reviewed and submitted to the Director within one year of an AOR evaluation—
following any significant changes to the facility (e.g., addition of injection or monitoring wells), 
change in personnel, or when required by the Director. 









